Background: Shallow nearshore marine ecosystems are changing at an increasing rate due to a range of human activities such as urbanisation and commercial development. The growing numbers of constructions and other physical and structural alterations of the shoreline often take place in nursery and spawning habitats of many fish and other aquatic species. Several coastal fish populations have seen marked declines in abundance and diversity during the past two decades. A systematic review on the topic would clarify if anthropogenic physical and structural changes of near-shore areas have effects on fish recruitment and which these effects are.
Background
Coastal ecosystems and fish communities worldwide have undergone dramatic changes due to direct and indirect effects of anthropogenic activities [1, 2] . Human activities in shallow sheltered bays and estuaries include dredging, development of ports and marinas, wind farm constructions and boating, and they can all affect the availability of pristine nursery and recruitment areas [3] [4] [5] . Although several shallow nearshore areas such as bays, estuaries and wetlands have been degraded or lost [6] , exact quantitative estimates of the effects on species distributions and abundances are often lacking [3, 7, 8] . These habitats serve several crucial functions, with many organisms being critically dependent on shallow coastal waters during some part of their life cycle [4, 9] .
In particular, shallow near-shore habitats are utilized as reproductive areas (e.g., as spawning and nursery habitats) supporting larvae and juveniles of many fish species, including several commercially important species [8, 10, 11] . For example, the historical wetland drainage in coastal Northern Europe resulted in widespread loss of crucially important recruitment areas, but smaller disturbances such as dock construction and boating have also had marked effects on shallow coastal nursery habitats [12] [13] [14] .
In temperate areas, many coastal populations of fish have seen marked declines during the past two decades [15] [16] [17] [18] [19] . These declines have been linked to a number of factors including overexploitation, but it is becoming increasingly evident that the problem of declining abundances appears to be caused by factors affecting the early life stages of many species [11, 20] . Indeed, several studies have documented a widespread recruitment deficit in species dependent on shallow coastal habitats for reproduction, and increased mortality during early stages has been suggested as the main cause for declining populations of adult fish [21] [22] [23] . For example, continuous declines in density and abundance of coastal top predatory fish like pike (Esox lucius) and Eurasian perch (Perca fluviatilis) have been observed since the mid-1990s in parts of the Baltic Sea [23, 24] . Correspondingly, along parts of the coast as much as 40 % of the available reproductive areas were considered degraded or lost by 2005 [3] . Relationships between the size of adult fish populations and the availability and quality of recruitment habitats, along with the multitude of pressures that shorelines face, highlight the need for better understanding of how various human activities along coasts may affect fish recruitment [23, 25, 26] . Moreover, altering the abundance and diversity of large piscivorous fish may invoke community-wide trophic cascades that have far-reaching, detrimental consequences for ecosystem functioning, fisheries and human livelihoods [19, 27] . Therefore, a better understanding of how anthropogenic activities affect shallow habitats and the fish dependent on these habitats is essential for guiding management actions that aim to preserve, enhance or restore ecosystem services [28] [29] [30] . Today, controversies remain as to what the primary causes of larval and juvenile fish declines are; whether anthropogenic alteration or loss of nursery coastal habitats are responsible for the declines; to what extent various habitat restoration approaches are effective; and what, if anything, can be done to reverse the declines of fish stocks [5, 12] . However, recently, researchers have focused their attention on the links between anthropogenic pressures and fish recruitment success, and the accumulation of new data (see for example: [31] [32] [33] [34] [35] ) suggests that a systematic review on the topic could find relevant evidence to support management actions directed towards maintaining the function of shallow nearshore and coastal areas and the conservation or restoration of fish populations.
Topic identification and stakeholder input
As a part of the Baltic Sea Action Plan, HELCOM FISH-PRO II and contracting parties (http://helcom.fi/helcomat-work/projects/fish-pro) are compiling data on the status of coastal fish populations in the Baltic Sea (2013) (2014) (2015) (2016) (2017) (2018) . In 2005, the Swedish National Board of Fisheries presented a survey of recruitment problems in coastal fish populations in the Baltic Sea [11] . This survey suggested that coastal fish are disappearing during the larval or early juvenile stages. It focused on two species (perch and pike) and highlighted the inconsistencies in available data and lack of mechanistic understanding of observed patterns in the recruitment. The effects of anthropogenic disturbances on fish communities are becoming of increased national and international concern. During the formulation of the question for this review, various Swedish stakeholders (the Swedish Agency for Marine and Water Management and the Swedish University of Agricultural Sciences and representatives from the government, county boards and non-governmental organisations) highlighted the need for a comprehensive summary on how the early life stages of fish may be affected by various human activities in the Baltic Sea. A comprehensive review of the status of coastal fish populations was performed by the Helsinki Commission [10] . However, according to our knowledge, no synthesis of the evidence has been made on how the function of spawning and nursery habitats for the Baltic Sea fish populations may be affected by different anthropogenic activities. It would be useful to systematically synthesize the available literature and examine if and how direct structural changes of shorelines and nearshore aquatic areas stemming from human activities affect nursery habitats and recruitment of fish not only in the Baltic but also in other similar aquatic systems in temperate zones.
Objectives of the review
The primary objective of this review is to synthesise evidence of impact on fish recruitment of various smalland large-scale human-induced physical and structural changes in nurseries and/or spawning grounds in shallow coastal or near-shore aquatic fish habitats in the temperate zone. We focus on the Baltic Sea context. To increase statistical power and strengthen the evidence of impacts, this review will include studies from other temperate regions in both hemispheres, whilst our findings are expected to be particularly relevant to the Baltic Sea area. Therefore, we will also include evidence from comparable, marine and brackish temperate systems and freshwater lakes larger than 10,000 km 2 [36, 37] . We chose a 10,000 km 2 cut-off which includes lakes such as Caspian Sea and the North American Great Lake because such systems are likely to have couplings between physical and biological processes similar to those in marine systems [31, 38] .
Primary question: How is fish recruitment affected by anthropogenic physical and structural habitat change in shallow nearshore areas in temperate systems?
Components of the primary question: Population Shallow coastal or nearshore areas that are nursery and/or spawning habitats of any fish species in the temperate regions.
Exposure Direct physical and structural changes of anthropogenic origin in nursery and/or spawning fish habitats. These can be (1) small-and large-scale habitat changes caused by constructions such as ports, jetties, canals, nearshore wind farms, tidal energy facilities; (2) coastal protection structures, beach nourishment or any other shoreline modifications; (3) underwater structures such as artificial reefs, cables and pipelines; (4) habitat changes caused by extraction, land reclamation, or habitat enhancement and restoration.
Comparator No exposure.
Outcomes Any measure of recruitment success of juvenile fish, including estimates of species abundance and community composition.
Recruitment is defined as the number of individuals entering a specific life stage or reference time in a life cycle [39, 40] . In general, the first years of life are the most dynamic phase in the life cycle of fish as (1) individuals may increase up to three orders of magnitude in size while going through dramatic morphological and functional changes and (2) mortality rates are very high but also highly variable at this stage [39, 41, 42] . Therefore, we will focus on juvenile fish, and we define recruitment in temperate systems as density and/or abundance of juvenile fish found in shallow nearshore areas. The definition of a shallow nearshore area is left relatively open as we do recognize that 'shallow' means different depths for different species and that different anthropogenic activities can affect fish habitat to different depths. However, we use the definition of 'coastal waters' from the European Water Framework Directive (L 327/6, Art.2) [43] and focus on the marine area located up to one nautical mile from the shoreline. We focus on any nearshore habitats that constitute spawning and nursery areas for juvenile fish.
Methods

Search terms
The following English language search terms will be used:
Population terms: shore*, bay*, coast*, estuar*, lagoon*, lake*, intertid*, nears$hore, shallow, seagrass*, seaweed*, wetland*, marina*, floodplain*, fiord*, mudflat*, saltmarsh*, eelgrass*, "biogenic habitat*", "habitat-forming specie*", "kelp forest*", "mussel bed*", "oyster bed*", "Sabellaria bed*", "sand bank*", "shellfish habitat*", littoral, marsh*, macrophyt*, "maerl bed*", "habitat-engineer* species", "canopy-forming alga*", "fucoid alga*".
Exposure terms: "artificial reef*", "artificial structure*", armo$r*, "beam trawling", cable*, dock*, drain*, dredg*, "habitat change*", "habitat degradation*", "habitat loss*", "habitat restoration*", pier*, pipe$, port$, reclamation*, "wind farm*", "wind turbine*", "ship wreck*", "anthropogenic pressure*", man$made, "hydrological connectivit*", "habitat connectivit*", seawall*, "coastal defen*", breakwater*, buoy*, gabion*, groyne*, jett*, "landing stage*", "aggregate extraction*", revetment*, "hard engineering", mooring*, drill*, "flood gate*", floodgate*, dike*, "ship channel*", "shipping lane*", "tidal energ*", "wave energ*", "habitat complexit*", "habitat enhancement*", "habitat fragmentation", "beach nourishment".
Outcome terms: "age$0", fish*, "fish juvenile*", "fish larva*", "fish nurser*", "fish recruit*" "YOY", "Young$of$year", "Young$of$the$year", "0$group", "fish spawn*", "fish reproduct*", "CPUE", "0+fish*", "fish abundance*", "fish densit*", "fish diversit*", "fish rich*".
We will combine the search terms within each of the three categories (population, exposure and outcome) using the Boolean operator 'OR' . We use wild-cards: for any group of characters (*) or for a single character ($). We will combine the three categories into a search string using the Boolean operator ' AND' . We do not want to constrain our search to a predetermined set of exposures, and so the exposure terms include some very general search terms such as "anthropogenic pressure*", *, "habitat change*", "habitat degradation*", "habitat loss*" and "habitat restoration*".
The review team tested the search string in Web of Science against a list of 20 relevant articles. The final set of search terms was the result of numerous iterative searches in Web of Science that allowed for further refinement of the search string and aimed to increase the overall comprehensiveness of the search. The full record of these iterations has been kept, and the search string can be further refined during the search.
The search string may have to be modified depending on the functionality of different databases and their search engines. In some cases, only a small number of key search terms may be used (e.g., "fish recruitment" or "fish habitat change"). Searches will also be made for studies in Dutch, Danish, Finnish, German, Swedish and Spanish. Searches performed in these languages will use set of terms corresponding to the abovementioned terms in English, and this will be adapted to the specific databases and their search functions.
Recorded references will be imported into an EndNote library and EPPI-Reviewer (online systematic review software). Duplicates will be deleted.
Publication databases
The search aims to include the following online databases: 
Search engines
An internet search will also be performed using the following search engines:
1. Google (http://www.google.com) 2. Google Scholar (http://www.scholar.google.com)
In each case, at least the first 200 hits (based on relevance) will be examined for appropriate data. Google will primarily be used for searches in non-English languages.
Specialist websites
Websites of the specialist organisations listed below will be searched for links or references to relevant publications and data, including grey literature.
Other literature searches
To check the comprehensiveness of our search, we will search through the bibliographies of relevant literature reviews, and all relevant references that were not captured by previous searches (if any) will be recorded and extracted. Unpublished data may be obtained from e.g. universities, consultants or local authorities involved in fish recruitment projects. Stakeholders and experts in the field will be asked to suggest relevant contacts. Members of the review team may use their contacts to find relevant grey literature on the topic, including non-English publications (in Dutch, Danish, Finnish, German, Swedish and Spanish).
Screening of articles
Publications found by the different searches will be evaluated for relevance based on the inclusion criteria at three successive levels: title, abstract and full-text. Articles will be first evaluated for inclusion based on their titles. This will be done by a single reviewer. To control for a reviewer's consistency, a subset of 100 titles will be assessed by at least two reviewers. The level of agreement between reviewers will be calculated by a kappa statistic. If there is an indication of inconsistency between reviewers (κ < 0.6), discrepancies will be discussed, and the inclusion criteria will be clarified or modified. Next, each publication found to be potentially relevant on the basis of its title will be judged for inclusion on the basis of its abstract. A subset of at least 100 abstracts will be assessed by at least two reviewers. The kappa statistic will be calculated, all discrepancies will be discussed, and the inclusion criteria will be clarified or modified if needed. Finally, each publication found to be potentially relevant on the basis of its abstract will be judged for inclusion by reviewers screening the full text. When uncertain, the reviewer will tend towards inclusion at each of the three screening stages. Studies or datasets found by other means than database searches may be entered at any of the two latter stages of this screening process. A list of studies rejected on the basis of full-text screening will be provided in an appendix together with the reasons for exclusion.
Study inclusion criteria
The following inclusion criteria will be applied:
Relevant subjects Any coastal or nearshore areas that may be nursery and/or spawning habitats for fish species. These habitats have to be located in temperate zones of both hemispheres, in marine and brackish systems or in lakes that are larger than 10,000 km 2 . To judge if a study location belongs to a temperate coastal region and can be included, we will use a map of the marine ecoregions of the world [44] . For relevant inland aquatic freshwater systems, we will use the Köppen-Geiger climate classification [45] and limit studies to warm temperate and snow climate zones in both hemispheres.
Relevant types of interventions These can be (but are not restricted to), small-and large-scale manmade structures in nearshore areas: ports, docks, jetties, canals, coastal protection structures (e.g. groynes, seawalls, revetments, rock armouring, gabions, and breakwaters); other constructions such as nearshore wind farms, and underwater nearshore structures such as artificial reefs, cables and pipelines, etc. Moreover, small-and large-scale physical changes of relevant aquatic habitats due to dredging, aggregate extraction, beach nourishment, land reclamation or habitat restoration activities will also be relevant for this review. These changes may either increase or reduce habitat complexity. Studies on barriers affecting adult fish migration and connectivity between closely adjacent freshwater reproduction habitats and the nearshore marine or large lake nursery grounds will be included for species such as percidae, esocidae and cyprinidae that use such habitats for reproduction only, but not as a yearly nursery ground. We will exclude studies that measure the effects of human activities on offshore habitats (e.g. offshore trawling). Studies that evaluate the effects of non-structural changes of the habitat, such as change of temperature or chemical structure of the aquatic system (including effects of pollution, toxicity, eutrophication or oxygen depletion), conservation policy interventions (e.g. the effects of marine protected areas), or the effects of climate change and rising sea levels on the fish stocks and do not include any measure of structural or physical habitat modifications will be excluded from this review. We will not include studies that evaluate effects of water abstractions (for aquaculture or similar purposes).
Relevant types of comparator No exposure. Studies designed as Before/After/Comparator/Intervention (BACI) include both spatial and temporal comparators and will be included in this review. Relevant studies may be also based on comparisons between undisturbed and disturbed areas (Comparator/Intervention (CI) design). Studies that compare relevant outcomes before and after of an exposure (Before/After (BA) design) will be included too. Some relevant studies may present data from a single post-disturbance sampling occasion, while others could be based on the repeated data collection over several years. In this context, we will particularly value long-term studies, since they may clarify whether anthropogenic disturbances have lasting effects or not.
Relevant types of outcome Measures of recruitment of juvenile fish, including estimates of species abundance and community composition. All fish species and species groups will be considered in this review.
Relevant types of study Any primary field study. Theoretical, modelling and laboratory-based studies will be excluded.
Language Full texts written in English, Dutch, Danish, Finnish, German, Swedish and Spanish.
Potential effect modifiers and reasons for heterogeneity
The following factors that can cause variation in measured outcomes will be considered and recorded, if available data permit:
Exposure data 1. Type and specific characteristics of an exposure 2. Timing and intensity of an exposure, including historical data More effect modifiers and reasons for heterogeneity may be recorded and extracted from the studies during the review process.
Study quality assessment
Included relevant studies will be subject to a critical appraisal (CA). The CA will assess study validity and categorise relevant studies as having a high, medium or low susceptibility to bias. Studies with high susceptibility to bias may be excluded from the review. The detailed criteria for the CA of included studies will be developed during the review process. The CA may consider several elements, including:
1. Level of methodological details reported; 2. Type of study design (e.g. BA/CI/BACI); 3. Temporal extent of a study (e.g. long-term or continuous versus short-term measurements); 4. Degree of accounting for potential effect modifiers; 5. Replication, pseudoreplication, and use of statistical analyses.
The decision during the critical appraisal will be recorded in a detailed and transparent manner. The quality of a study will be assessed by one reviewer. To check consistency, a subset of the studies will be appraised by the entire review team. Final decisions regarding doubtful cases will be taken by the review team as a whole. A list of studies rejected based on quality assessment will be provided in an appendix together with the reasons for exclusion.
Data extraction strategy
Data will be extracted from included studies and recorded in a spreadsheet that may include pre-determined coding. We will extract information on study characteristics, data on measured outcomes, exposure details, comparators, effect modifiers and critical appraisal. This list may be expanded during the review process depending on the type and variety of included studies. The outcome means and measures of variation (standard deviation, standard error, and confidence intervals) will be extracted from tables and graphs, using image analysis software when necessary. Where necessary, the review team will ask authors of relevant articles for access to unpublished primary data (especially where published data are presented in graphs from which it would be difficult to extract) or raw data. The review team will calculate summary statistics if the raw data are provided. All extracted data records will be made available as additional files. To test repeatability of data extraction, two independent reviewers will extract data from a subset of included studies and all entries will be compared. All disagreements among reviewers will be discussed and where necessary, coding scheme will be changed.
Data synthesis and presentation
Data synthesis will contain narrative and summary findings of each included study (of sufficient quality). A narrative data synthesis will describe the quality of the results along with the study findings. We will produce tables to summarize these results. Meta-analysis may be possible in cases where studies report similar types of outcomes. In such cases, effect sizes will be standardized (using standardized mean effect size) and weighted appropriately. Meta-regression and subgroup analysis of different study categories may be performed. Publication-bias and sensitivity analysis will also be carried out where possible. The overall effects of direct physical and structural human-induced habitat changes on fish recruitment will be presented visually in plots of mean effect sizes and variance. This review may also highlight and discuss methodological deficiencies of the relevant studies, and major knowledge gaps in the evidence base.
